Introduction
This participatory mapping exercise was prepared for the third phase of CIFOR's Global Comparative Study (GCS) on REDD+. It is part of the research component that has evaluated the impacts of locallevel REDD+ interventions on forests and people since 2010, through a Before-After Control-Intervention (BACI) approach. Detailed methods on this research component can be found in a CIFOR publication (Sunderlin et al. 2016 ). This participatory mapping exercise was developed after identifying the need to have a more systematic way of documenting land use and tenure arrangements across our various field sites.
Reference is made in the present document to GCS REDD+ fieldwork, but the guidelines are meant, more generally, for researchers, field research supervisors and enumerators who have never developed maps with the participation of local communities. They are based on several documents and projects led by CIFOR using participatory mapping as one of the tools to learn about local perceptions of the landscape and local peoples' perspectives of forest and land management (van Heist 2000; Sheil et al. 2002; Anau et al. 2003; Boissière et al. 2007; Padmanaba et al. 2012; Kingsolver et al. 2017 ).
In the context of GCS REDD+ field research, this participatory mapping exercise provides a way to collect data on questions related to land use and tenure found in the village and women's questionnaires, and to crosscheck village boundary data that were compiled in previous research phases. In other contexts, such maps can be used as a basis for discussions on land use (Padmanaba et al. 2012) , or to decide with local communities about where indepth field surveys should take place (Boissière et al. 2010) .
The mapping exercise is part of three GCS REDD+ activities in each study village: (1) a small group discussion with at least three key informants to learn about village boundaries, tenure, areas under dispute, access (roads) and market location; (2) village meetings with 10-15 adult men and women; and (3) women's meetings with 10-15 adult women. The mapping exercise is conducted during the small group discussion, but the result of the initial mapping exercise is used for the village and women's meetings.
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The maps
The mapping exercise requires a base map that needs to be prepared in advance by a Geographic Information System (GIS) specialist, with village location and boundaries (as Shapefiles) obtained during the previous research phases via secondary data sources or mapping with villagers when spatial information on village boundaries was not available (see Sunderlin et al. 2016, 66-67) .
Three maps are needed for the mapping exercise: a base map, a satellite image/map and a copy of the base map on drafting paper.
The base map
The base map is a bare-bones map, with the minimum number of features needed to orient key informants to locations of interest. The GIS specialist extracts these features from the satellite images (e.g. Landsat, Sentinel or any other free and most recent satellite images available for the different sites). The base map is printed on A0 format (841×1189 mm) paper, which helps to include a maximum number of landmarks and names. This list can be adapted to the features considered to be important for each of the sites/countries. It is important to include all these features on the base map to make the map easily understood by the key informants and other respondents so that they know where to draw when asked by the field research supervisors/enumerators.
The map from satellite imagery
A map based on satellite imagery will be used to support discussions with villagers. It will have minimal interpretation, because otherwise it would be too 'busy' and time consuming to prepare. It contains the same landmarks from the base map, and the geographical coordinates are made visible to aid the digitization after fieldwork. Minimal interpretation will be done by the GIS specialist and can include areas of forest vs non-forest, settlements and water bodies. Information from satellite interpretation are only indicative, and not definitive. This map will serve to cross-reference villagers' answers to the survey questions (e.g. presence of degraded forest, areas of land conversion).
Ideally, this map is printed in color with high resolution on an A0 sheet of paper to allow overlay on the base map. The highest-resolution, cloud-free satellite images available for the study site should be used. The resulting map image should be printed using glossy paper or laminated to protect it from moisture. If too costly or technically difficult to print an A0 map, it can be substituted by a smaller map. We strongly recommend no smaller than A2 size. This printed map can be displayed in the village for the villagers to familiarize themselves with the map before the mapping activity, and later to identify areas where forest has been cleared.
The map on drafting paper
The map on drafting paper will be used to record the data provided during the small group discussion. The researcher needs to trace the geographical coordinates and all the landmarks from the base map onto the drafting paper, using permanent (waterproof ) markers. During the small group discussions with key informants, the researcher will overlay the map on drafting paper on the base map. We strongly recommend using pencils (2B or color) during the mapping exercise with key informants, as pencil cannot be erased by moisture or rain, can be easily corrected and is sufficiently visible for digitizing the map after fieldwork.
This drafting paper is generally available in 20 or 50 m rolls in stationery shops. The drafting paper needs to be prepared in advance, and cut to A0 size to correspond to the base map. Two copies of the base map on drafting paper need to be prepared prior to fieldwork.
The following materials should be assembled prior to fieldwork. It is best to buy them in the capital city, since some materials are not available in smaller rural towns: a. 1 set of maps (base map, copy of base map and most recent satellite image) for each of the villages to be surveyed b. 1 roll of drafting paper (as a backup) c. permanent markers of different colors to draw the main features on the copy of the map on drafting paper d. pencils (2B or color) with erasers in abundance (fix an eraser on each pencil using masking tape so as not to lose it during fieldwork) e. at least 2 cutters f. 1 large pair of scissors g. at least 2 rulers (30 cm long) h. 2 rolls of masking tape (1 cm wide) i. 2 or 3 plastic tubes to protect the base maps, satellite images and the map on drafting paper once drawn j. 1 calculator to calculate corresponding locations of GPS points on the base map.
3 Checklist of materials 4.1 Preparing a copy of the base map on drafting paper before starting the activity:
Time needed: about ½ hour per copy of the base map on drafting paper.
This map should be drafted before going to the field sites, although it is possible to do it at the beginning of the fieldwork. The steps are as follows:
• Overlay the drafting paper on the base map and use masking tape to fix the base map and the drafting paper to a table (Figure 1 ).
• Add any landmark or feature to the drafting paper from the base map, which will help later to overlay the drafting paper map on the base map during the small group discussion with key informants. These features will help orient the researchers and participants who are drawing on the drafting paper during the group discussions, and this map will serve as a backup if the base map is lost or degraded.
• All landmarks (rivers, settlements, roads) should be documented by using permanent markers of different colors (e.g. black for roads and villages, blue for rivers). The village boundaries should be marked with pencil (2B) as they may change after the first mapping exercise during the 4 Mapping activity with key informants in the small discussion group small group discussion. Add the names of the different features whenever possible (names of villages, rivers, etc.).
• Either draw an X mark on the 4 corners of the map, or draw the frame of the map (this makes it easier to overlay with the base map later, which already has a frame), and add the geographical coordinates in UTM as prepared on the base map by the GIS specialist. These coordinates can be useful in case maps get mixed up, and in case a feature for which there are GPS coordinates needs to be added on the map (e.g. market location).
Adding basic information on the copy of the base map on drafting paper:
Time needed: about 10 minutes per copy of the base map on drafting paper.
Using pencils, draw a rectangle (e.g. 10×20 cm) in an unobtrusive part of the map and include the following information: a. name of village and REDD+ initiative b. start and end date of the mapping exercise c. name of field research supervisor/enumerators performing the mapping exercise.
The original base map is kept in case the drafting paper map gets lost or destroyed or if another map is needed. Before going to the field sites, prepare at least two copies of the base map on drafting paper: one for land tenure and areas under dispute; and a second as the base for a clean version of the map resulting from the mapping exercise.
Introducing the activity to key informants:
Clearly explain to the key informants what the map will be used for, and what it will not be used for. The map will not be used for any official uses such as land demarcation, and will not be shared with those outside the research team, such as the private sector, local governments or REDD+ implementers. Explain clearly what mapping activity will be done during this small group discussion, and in the subsequent larger village and women's meetings. Explain that any use of the map (e.g., in future scientific publications) will maintain the anonymity of the village, or will need prior approval from villagers if the village location or name is revealed. Names of key informants of the mapping exercise will be noted for internal purposes but will be kept anonymous in publications. Allow some time for questions and for addressing concerns.
Familiarizing key informants with the map:
When starting the small group discussion, make sure everyone understands the base map; ask them to indicate the village center and check whether everyone recognizes the different features and landmarks.
Asking key informants to update the map:
Using masking tape, secure the base map to a flat place (e.g. school table, on a flat floor or on a table/ floor with a background of flipcharts if there are any irregularities on the table/floor). Place the drafting paper on top of the base map and align the drafting paper and the map using the features previously added to the drafting paper. Keep the high-resolution satellite image/map at hand on the table in case it is needed during the exercise for supporting or checking the corrections made by key informants. The activity can start.
Ask the key informants to change/add any landmark that may be wrong or missing. Start with the village boundaries (see Section 1B.5 of the Village questionnaire). As mentioned earlier, these boundaries were estimated and georeferenced during previous surveys but it is good to check them again and correct if necessary. Ask participants to identify the important locations, names of the different sub-village units or settlements, main roads, main rivers and other water bodies. This copy of the base map on drafting paper will be used during the rest of the exercise by overlaying it on the base map.
Asking key informants to answer the Village survey questions:
The objective is to collect data that provide answers to the relevant questions in the Village questionnaire:
• (Figure 2 ).
Finalizing the map:
Make sure no one wants to add anything to the map or correct what has been drawn ( Figure 3) . Add on the map with a marker the names of the key informants, the date, the village name and the name of the activity (refer to the Village questionnaire for that). Also add a legend, with all the color/pattern codes used during the mapping exercise clearly identified (see an example of a legend in Figure 4) . Take a picture of the map (Figure 3 ). Information on land tenure and areas of dispute will be on the same copy of the base map on drafting paper. For GCS REDD+, the objective of the mapping activities during the village and women's meetings is to use the maps developed during the discussion with key informants to collect further information on:
• forest cover changes within the last 2 years under different tenure arrangements • changes in forest quality (degradation/ enrichment) within the last 2 years under different tenure arrangements.
These refer to Tables 7A and 7B of the Village  questionnaire and Tables 1C2 and 1C3 of the Women's questionnaire.
These village and women's meetings ideally happen a day after the small group discussion with key informants, since they will use the map resulting from the key informant discussion.
Before starting the activity with the meeting participants:
Make a clean copy/version of the map developed with key informants during the small group discussion with them on a new sheet of drafting paper, because features drawn during that first exercise may not be neat (Figures 5 and 6 ).
On the clean copy, be careful to reproduce exactly the same map as the one developed with key informants during the small group discussion. Do not use permanent marker to reproduce information that was initially drawn using color or black pencil. The reason is that participants at the village or women's meetings may want to modify something on the clean map, which the permanent marker would not allow. Another reason is to distinguish data entered in the field (i.e. with pencil) from data generated by a GIS specialist. As the GIS specialist will be the one digitizing all the maps post-fieldwork, it is important that the parts drawn by villagers are discernable from the original base map features, to avoid mistakes and confusion.
Preparation of the activity:
As for the previous mapping activity with key informants, clearly explain to participants of the village and women's meetings what the map will be used for, and what it will not be used for (not for any official use, not for land demarcation, and not to be used by the private sector, REDD+ implementers etc.). Explain clearly to the participants how the maps will be used during the meeting. Explain that any use of the map (e.g., in future scientific publications) will maintain the anonymity of the village, or will need prior approval from villagers if the village location or name is revealed. Names of key informants of the mapping exercise will be noted for internal purposes but will be kept anonymous in publications. Allow some time for questions and for addressing concerns. Even if the participants in the village and women's meetings do not make any corrections or updates to the maps previously developed with key informants, it is still necessary to provide this same information.
Familiarizing the participants with the map and requesting updates:
The same approach should be used as that in the previous small group discussion with key informants, but can be quicker unless someone wants to correct something major on the map. Familiarize participants with all map features, including those developed (e.g. land tenure types) during the previous mapping exercise. Ask for updates or corrections as needed. Note: This map is based on the one developed during a small group discussion, with information on tenure provided. Credit: Andini Desita Ekaputri | 11
Mapping activities during village and women's meetings
Asking the respondents to answer the survey questions:
As mentioned earlier, for GCS REDD+, the questions asked during the village and women's meetings are related to changes in forest cover and forest quality. Use the different tenure types identified during the small group discussion to ask the survey questions. No new map needs to be developed at this stage, since any necessary corrections or updates were solicited at the beginning of the meeting. The map from the satellite image can be used at this stage to crosscheck information on forest clearing.
After the group discussion:
The enumerators will use the results (forest cover/quality changes) to estimate the area under each land tenure category, and fill out answers to the corresponding questions in the Village and Women's questionnaires.
Keep the copies of the base map made on drafting paper with key informants in a protective plastic tube. At the end of fieldwork, bring them to a place where they can be scanned and sent to the GIS specialist who will digitize them and integrate each map as one of the different layers that constitute the maps of each site. This will allow the GIS specialist to provide the area (in hectares) that corresponds to each land tenure category, the distance to the nearest market and road (in km), and the areas (in hectares) under dispute. This document is meant for researchers, field research supervisors and enumerators who would like guidance on developing maps with the participation of local communities. It is part of the Global Comparative Study on REDD+ (GCS REDD+) conducted by CIFOR with funding from multiple donors.
Participatory mapping represents a way of documenting land use and tenure arrangements across regions. It is also a way to learn about local perceptions of the landscape, and local people's perspectives of forests and land management. These technical guidelines are based on CIFOR's longterm experience with the use of participatory mapping in research.
In GCS REDD+, the participatory mapping exercise is done at the village level during focus group discussions to learn about village boundaries, tenure, areas under dispute, access, and markets. Base maps are developed from satellite images prior to going to the field. Final maps are digitised so that areas corresponding to the different land uses, land cover, and land tenure categories can be extracted for subsequent analyses. The participatory maps are used to help develop a common understanding of a territory with villagers and other local stakeholders.
